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ABSTRACT 


This study of consumer credit is an empirical at- 
tempt to find some significant relationship between re- 
payment experfence and characteristics of credit card 
users, The purpose is to provide some adequate means by 
which those who extend credit may be better able to pre- 
atest the Telati ve creditability of a potential user. 
Proerenrt, in the study fs the assumption that there is a 
discernible difference between those who exhibit a good 
eredit repayment exper lence and, those who exhibit @ poor 
one’. 

The data base for the study was compiled from the 
account records of a retail department store. Two samples 
were drawn from this source, one sample constituting good 
repayment experience and the other poor repayment experi- 
Sice, 

The techniques used to investigate the relationship 
were statistical methodologies. Their contribution con- 
sisted of examining the interrelationships that exist 
among the user characteristics and the repayment ex- 
perience. Once the relationships were established, then 
the statistical significance of the predictions based on 
these relationships was tested. | 


The two methodologies used were two group discrimi- 
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nant analysis, and step-wise régression. Discriminant 
analysis produces a dichotomous evaluation. Repayment 
experience was predicted for the members of the two 
sample groups, either good or poor, and was then compared 
to the actual repayment experience to generate an index 
Of COrrect chassification. \Step-wise regression produced 
an equation that predicted a value of the repayment ex- 
perience. This)» predicted value_was then compared to the 
Secidal, Gage vieesignit heance Of the disparity tested, 
imesGesiluss or the analysis indicated that there 
was no statistically significant relationship between re- 
Dayment exper hence and credit @ard user characteristics. 
Thevimpliag cations-ofethese results are that the 
credit card application forms, from which the characteris- 
tics are derived, are not a suitable instrument to predict 
creditability. The other conclusion drawn is that the 
techniques used are not adequate to fully examine the 
relationship due to the unquantifiable natureof some 


credit (card app lication wcharacteristics.. 


=~ 


re ines) 
Shame go nel teu Ley 2 at | 

Ow? Add. To 2 Saneni eft, ae (Bead ibang caw PSF a 

SS Aevues wads” 26K bee (rang ao bot. garde equerg stg 
satin dé se venst oF 5 1S eer trey aes feuJos ar 
bench as a ne heEOIDS a2 Pay tge hes io isi Heeets barat 
SO 1 PHONE: BOS) GN) to dat z bo saihong sens nt 3, 

sitin’' Gp eereaia bo Au pulley bovstbety eat | Ao 


eI “1 Ae i J WEE i) erg to Sang yep tS hon 9 ne dg 


Saori Perit: Db ies) in) “Sto ¥ lang Or ; ee ry a srl T eS} 7 
mit 4 noite » A Pero Foal > hyoat PF aH a a7iae hmag, ie 


et aise i GMa D 49 40 Hee Shbprip oo sel bcusi wr 
eit SEW) 29S eo) Sco Boks et ct Gh eT 4 
“eis %ob Vee Sr As De dee? eeyras \iesiahsrh Fg by ibe si 
Jabbsag ws Thats 3 ety ai dezvus & Jog aye (te oy 8 
on. 2605 i ca noted oats re Pa srt sees we 


vy . om nil iiska: ghia iad eee: adh 9¥e orm ae 


aioe. Tote hen ste s toe: bias oe sb 4 7 
tie ibibo soto 9m re 


ACKNOWLEDGEMENTS 


| wish to’ express my gratitude to the members of 
my tnesis, committee for their patience and willing assistance. 

To Professor M. James Dunn, my thanks for applying 
a most pragmatic approach to choosing the examining com- 
Mine Geer 

bo Dieewiiatioskins and Dr. J. Hooz, my indebtedness 
for consenting to sit as second and third readers respec- 
tively. Their-patience with respect’ to the tardiness of my 
readable output is greatly appreciated. 

| would also like to thank Mrs. Beverley Hallam for 
her willingness to decipher and type the rather raw and 


Gnstrucbured drarts Submitted fo “her. 


s - 
i 
aaa } 
, . 

; ’ 
, ¢ a] 7 

’ ! i) 

2 ‘ ” 

i 
7 2 cf ot 
\ 
i iy i \ ai ta <) 
i 
1 i i] i r ‘ 
sy F 7 ’ 
a 4 ; ,~7 iy ) B hw t , t+ yer oy 
, * - 4 
a 78 
vy ‘ | j 
pi ! ' ia ' STO PS Ue Sree 
. i) f 1)" tape) | L554 ti t 
~ ri ‘ ' = 

re nee Wetig "Od on wow 

a 

4 
\ ' on bor wae A hak <¥ i nee 5 : | rf i 
’ , oe 4a a ns Py 7 
+ : . = ' ar 


. j : 
ny ae = ; » a 
CS Be. UM PIB Ih Wa U 2 SUI RAe 
LF ‘a 


ee 


Chapter 
os 


N 


BIBLIOGRAPHY 


APPENDIX 


RESEARCH DESIGN 


RESULTS AND ANALYSIS OF REGRESSION 


TABLE OF CONTENTS 


BREN REAND NTE NGCOR? RHERS PUDY O80. . ose cats sce 


Cnaracteristics»or the [Type of Credit 
under Examintation 

SeveceRve RISkelaking 

Research Objectives 

Res €aren-Pian 


Quality of Credit 
Factors Used in Analysis 
Methodology 
Sampte Size’ Consideration 
Sample Drawing Technique 
Population |] 
Population 2 
Sample Size Calculation 
Methodology of Analysis 
Step-wise Regression Analysis 
Two-Group Discriminant Analysis 
Assumptions of the Technique 


Regression Examining All Groups 
Regression Examining Poor Risk Group 


RESULTS AND ANALYSIS OF DISCRIMINANT 
AND Gr = SOURREs EVALUATIONS Wicd). tas nes alae 2 


Two-Group Discriminant Analysis 
Chi-Square Contingency Table Analysis 


CONGKUSTONSVANDPIMPLICATILONS «3 saes¢22 4004 83 


The Analysis Done 

Effects of Research Design on the 
Results of the Study 

Marketing Implications 

Value of Credit Analysis 


eeaoeceoeeses*@B Ge voesodo828tfr De oeeaeeseod@eooqoge@*s%oeeedomdwenvnoveeeteoesde @ 6 


eo. 6 @ 6 © 6 © CS € 8 ©. © 0.20 © © 8 @ @ © ‘ee © @¢ © 6 


eoeseaee ee @ 


eeeeeseersestee7nroecs8ceoeer5tc»ceoegceesvsce#teeee#seeoe#e#est e@# ee 0 # 8 @ 


*t« © @» * 


‘44 -*& B @es es « @ 


“aye OA ape Ghat pAN Olsh, 2 eTiuens 
ak. eae ree eee J MOTT AA ae me, Pt iM 
7 nase ji - ) 
t " . ag ey Vewn,” ay igri 320i ay Ho" aids 7 — 
; | cleyvianh nia yonsiph i: heated ays etd) ane a 
‘ y 3a 7* 


Pst kre a6 «Dit sith 2] pene: 


fol 2ieyie 
un Sri i te: Ba les th et i. = dl a 
i. <6 z Ute P$0 


Table 


ALLE. 


XIV. 


XV. 


EIST -OF TABLES 


Number of Sub-Groups Within Each 
Coeve reVc lets (bch coat, JN hire oey toate, fh oe 


CorrelationsMatwixa= Alle CrediteXccounts 
Redness Onmamakysers omiCredit Accounts ...... 


Simp lbe,Corrélation Matrix - Poor Credit 
PRECOUM see SINGies I X@aV aia ls Di CS fee, ee ga teise coe. 6) oie 


Regression Analysis oT Poor Credit: Risk 
MerolS Up ECAR Boke vel bet Sri ey SG aren dee oe ete ae 


Discriminant Analysis, Variabite Means by 
GoD sain ch OlimieiseriCe wile MCAS) - su feas-8 te oie ts ofc .ose 


Discriminant Analysis Matrix Using 
ERIC mvecl Lela © Sime tee twats vette one cutlets Rete Ses, occa e's 


Summary O7 Chik=SavanesAnalysis {La . «sash «vi 


Cross Classi ticat ron or Occupation’ hype 
er Rgh Sica lar Ie OUD eae teed ot eae Re BSE tce ce PCr teen wha cine 


Cross Class hidicatllon or esex 
Oye TRIES Ke Gl OWN Pegg ete resi ee otek Ae Nat aire ay sire ial Sosa ace 


Cross Classification of Restdence Arrangement 
Dy Rees FG TAO ates Sees Soe aad, aus aye athal Ss Panfel cca is 


Cross Classification cf iarital Status 
DEA Se GIcOU Dp acrietene os hogemerotone terete tevez cits avers vaya yore 


CEOoss: Glass trcation Of bank Accounts 
DY eilci Ca FOU) Ca ocuer ce Bete sieos ote te rata ts tec letie eva: aie 


Cross. Glassit ication of Other. Income 
DVI ESA gGGOUDY. lara cee tonra tetas eter os Vale rong) ot oh oe co. '6. co 


Gross Glassicicacton or -Otner Liab lreres 
Dy tes hme CataO CO Dae r recs tens ty tal ede ce titen <. oc ubes sass iacires fers store « 


38 


39 


2 


yy 
h7 


/3 


74 


74 


12 


Hs: 


76 


; ' 
: n a iy 
Ss a 
= ca ' poe 
i 
4 
v 
aes 
te, 
Ly 
bs Rs 
j i | de 
' cj a" rire i 
re ; baits nki 
«- a ; 
cy ‘ ) ] 4 ) ? 
—) ee oe ee ee { = ‘ / ' ' « ; 
: F d i | 
) . Oye ‘A 
. ' a Pa (lEpArcE . 
i: | 
> a Se @ e"sea@'o «2 +s 6 Woe 6 * ’ 
A, 
| BY. < p HGcfittyoet@ 
© i 5 we 7 w > 4 i i Fe - 
; ' , 
{ L Saas ’ Sig. Que va 
j i 
' i ee eit Tie mule 
P id 
i \ BV) oV44 
nn | q 4 , 
\? “ “a 7 ay . Ml epee iD @ i 70) ; we 
‘ ‘ io & Gi! m ¥ ti! eG ie it : 
re , > . ‘ . “4 Ty es eer dh ioe Aer a 
tw ee ‘ aN i . re het ov ta Nt Pile ie OO) 2 ew) > o 
te. 4 : ; } p 1s “ 
x ey NS Seta \ b> Se eri Peet ci Seis wad 
: . _ 4 ey . Wi 
A ‘ 3 jhe i fe iis Sere) . he 
_ ” . 7) ’ Py 4. b, W ieee ee ; 4s yh! Sey se Wh e | va 
a aa : irs : : 


y' Lom SRI PHEe i VA.oG ib oR Hae, fe diddabttess yy e207) 


. * see tieiwee « ti hela ae ST Ne EA ye 


te ehdete2 ted taetl a bia eeety ce. 
a ae Vd 


Lae ; 2 tit UGaon aires: 7a To ieee gating 
“a... ; 
| : MARR ade i es 6)’, | = Mt bio ode 
a A ia: > a 


cae 197 Sma |: Fone Ra j at? Y ane: ce ) _ 
J oS! ea a es voy a - 


a ? 


a e9lt Mitdeatt vei. 5) dan i, 315 Le: . r- ey" NK 
ered « a = s/ dy’ ‘ OAR a, 1S a y Pr : 
: : vs ; 


Elsie Cee ET GUNES 
Proure Page 


Le Discrimination of Two Hypothetical 
Pop at LOMS MOM IWOLV ot ODN CS doc) Wn cic lae Lie cous 26 


Se Probability That an Observation Will] 
Fat sim CeO Ot eMalOle 1) ar Olan Zeer ota ar. guess a uatysn ets ies Gia 27 


Dis Discriminant Analysis Function 
SEE SEN ETE 5S, eS IE, I nS a TO ee 4 3 


| Vee daviacious ewer ts | f 
LY Ba i eek aR eg eatdey sey ear AG set 


HEN NOL Av AS 2dR) He jeial fs oT 


Be pe cy cubeyeancys He Weel rd 1d ig 


hnoOPrPsonus 


al 
4 
. » . 
[ a : 
ca) : , : 
ate, ona 
peek) ve 7 


_ TA 7 7 ae 


CHAPTER | 
EXTENT AND INTENT OF THE STUDY 


This study is an attempt to analyze certain char- 
acteristics of credit card users and determine whether or 
not there is any relationship between these character- 
istics and the manner in which the user makes payments 
Cn avis account. User “characteristics are basically quanti- 
fiable, distinctive traits, that allow a differentiation 
to be made between groups of individuals. The manner in 
which a user repays his account is termed a repayment ex- 
pervence and is nwelated to tne number Of (payments Chat: are 
missed. 

Research in this area is based on attempting to 
discern cause and effect relationships between the quality 
of repayment behaviour and the credit card user character- 
istics. "IMs is a iworthy fteldjof “endeavour since the re- 
wards that accrue to an accurate determination are directly 
related ‘to fthe profitability of “the institution concerned. 

The actual problem that is associated with the 
extension of credit is the variability of the repayment 
experience, coupled with resultant loss in revenue. This 
problem is widespread in western economies due to the 


prevalence of credit as an acceptable form of market-place 
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Z 
transaction. Aggregate data on the dollar losses that 
result from poor repayment experience is not available 
but figures from the specific firm under observation in- 
dicate that over three and one-half per cent of their 
credit accounts defaulted. This does not include the 
dollar amounts in arrears. 

When assessing how to approach a problem such as 
this, consideration must be given pote individual differ- 
ences that exist in any market system. Given these differ- 
ences, the propensities to interact within the market 
place are subject to considerable variation. The analysis 
conewin tnils Study is a reconciliation of this consideration, 
Since the techniques used attempt to, measure the impact 
Ole the differences that exist and relate them to.a common 
situation -- the repayment experience. 

The extent of this study is somewhat limited in 
that oniy one firm is being examined and only one form of 
user evaluation that this firm uses is being analyzed. 

The data for this study was derived from a rétail insti- 
tution which uses consumer credit as one part of their 
marketing, mae (nati1sS, -cheyvaremnot in itherconsumer 
financing business, but rather ofter.credit as ta service 
to their customers. The name of the firm remains anony- 
mous since the information is of a confidential nature. 
The disclosure of such information might put the firm in 
a compromising position with respect to the existing 


Card Users. me nis in tUurnemignt haveran effect on> apy 
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2 
competitive advantage the firm enjoys in the market: place. 

The data used was gathered from a random sample 
taken of five hundred and fifteen card applications in 
the month of January, 1971. A description of the data and 
the methods used to derive it are discussed in Chapter ||. 
CNerectertstics of the Type 
of Credit Under Examination 

The type of credit transaction under examination is 
defined as installment credit. That is, a consumer wishes 
tO purchase some commodity without effecting the ful] 
purchase price at the time title ts transferred. To faci l- 
itate this, type of desire it has become common practise 
in the resident marketing system for the seller of this 
good to provide some formal procedure acceptable to both 
parties. This procedure takes the form of partial pay- 
ments OVer a specified time period. 

Policies differ between organizations as to the 
degree of selectivity that will be imposed on the evalu- 
ation of va potential user, This is mainly a function of 
the aims of the firm concerning credit usage. Some organ- 
izations provide credit solely on=theebasis of a-service, 
discounting to a large degree, the costs associated with 
it. On the other hand, the particular firm under, in- 
vestigation relates wholly to the idea that, "The primary 
function of the Customer Accounts Department (the credit 
depariment) 15 uO increase profitable sales.* This 


quotation is ccomtained*in the literature of the 
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h 
organization for the purpose of verbalizing the aims and 
objectives of the credit department. 

hose fect sa profitable ereditnusbtuattonethen, 
SOmnesTrormaoct aselecuilviitylais ;mecéssary to Aiineee those 
whose potential to have a "good!!! credit repayment ex- 


perience=is inhibited. 
selecrive Risk Taking 


Most credit transactions involve some form of 
Risk, Those who grant credit accede to the possibility 
of default and attempt to compensate for this by being 
Scleeu!l Voupnnenestype of people and organizations to 
Syvnich theytqrencccnedt pagrl mrthe tt Prmkuseduinkthhs study, 
a regular evaluating procedure is followed: 

1. The taking down of information concerning the 
present status ron the itndhvidual iwith prespect to xoceupati on, 
age, marital status, length of residence, income, length 
of employment, the existence of both current liabilities 
and other income as well as some personal references that 
may attest to the creditability of the person. 

2. Some form of further investigation, usually 
through the use of a central credit bureau. 

3. An evatuation based on the particular ex- 
perience of the credit grantor with respect to the pre- 
ceding two factors. 

This wtih step: isathe pone sthatyis sof major 


bnte rest: bn eehe tstudy,> since the cexpertence of thesegrantor 
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5 
is subject to many personal biases that may not be relevant 
to the purpose at hand. The term “experience! also denotes 
some subjectivity which may lead to inconsistencies in 
tines evaluation.s On ther basis: of ithis: consideration ‘a 
more rational approach would be the use of some quanti- 
tative ttechniqte thatvaccounts’ for the fiiusittwowfectors, 
but eliminates the subjective evaluation and substitutes 


an objective methodology. 
Researen Objectives 


The research objectives may be stated by the fol- 

lowing hypotheses: 

(1) Good and poor credit risk populations are 
dist nete populations: 

(2) The difference between the good and poor 
credit risk populations is quantifiable and 
predictable. 

A review of the literature was undertaken to provide some 
background information on the type of analysis done in this 
area. While the search was not exhaustive, it was in- 
tensive. The results proved to be of limited value 

since the main area of concentration with respect to the 
relationship between repayment experience and consumer 
chanacteristics wasein the! fi elidwiofr specifics famanciad 
institutions. These studies related the characteristics 

of the consumer to risk, but in a manner that was not 


applicable to the type of study done here. The character- 
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6 
Pstbvesror theruser were considered secondary to the type 
Of swcheditleransdeti on’ that was’ taking™p lace.’ “The credit 
transactions in these studies were mainly the small loan 
type and the analysis was concentrated on examining the 
effects OPralvering*the™ loan size, thesterms “or the con- 
Cract, and time rmterval specified for*the repayment, 
rather than examining the effect of individual differences 
of the users. An-attempt was made, however, to extrapo- 
late from these studies, especially Durand (Durand, 1941) 


and Moore and Klein (Moore and Klein, 1967). 
Research Plan 


hive “design of “the #investi gat ton’frol lowed’ a speci - 
fied format. Step one involved deciding how to~separate 
poor and good repayment experience. To use a quantifiable 
distinction it was necessary to make an assumption that 
the present number of payments past due on an account 
would be representative of the long term condition of the 
account. Using this assumption it was possible to discern 
two populations: population one -- the good repayment 
experience group, and population two -- the poor repayment 
experience group. 

Sample sizes were then calculated for each popu- 
lation and the representative number of units were drawn 
from each. The sampling units were the actual application 


forms of the existing users. This activity is described 
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From these forms the desired data concerning the 
status of the individuals was extracted and punched on 
computer data cards. 

Once the data was in card form, the actual analysis, 
using two computer programmes is followed. A description 
Sterne vecuniques, [Ss contarned Wn Chapter |lj- with ret- 
erence made to the computer programmes used. 

IMce results  OmEhe: two, types (or analysis, .step- 
wise regression and two group eieceianneut analysis, are 
presented sin table form with pertinent evaluation in 
Chap tense il wand 1.V.. 

Conclusions were drawn with respect to the analysis 
of the results and implications drawn for further in- 
vestigation. The conclusions dwell mainly upon the in- 
adequacy of the techniques employed based on the un- 
quantifiable nature of some characteristics. The value 
of credit analysis is, however, upheld and comments to 
this effect are contained in Chapter V along with the 


Conc ius fons. 


es 


|, - Vi is x FNP eect hoe 


yy = ar - agen x 
RTL ae : 


wth d en tutes go ed yaytaeh ive eas Metals, 
He Dona ibis yatsny tnd» 2 EAN ara tint: ame 
saben aie 


rm : ae 


A] ) av iyisrra b tals Me ari 4 , tei y ah yb Me * le ey ‘He eat an” 


ne oh. 
Peraainsevo a Gown hot 21 (aardaE A rr ke 


9ST. it iwe whl. Ve units oe Dearest, Ee euupd aye’ 
hehe.) sa SariSh Dae ‘ Whe sit? O° (sans : 

WS. 3 ; eV iG Oh, rainy! Ow) td vo eptbbe aT | 
St6 ,tiey héne Deen ti e+ ISR, GW ne APR nebere eae 3a 
| fe 
Linnel teulave jase soca hte Mp etdes nl teen 
| | 2h bee we 


Wise ane O32 Jogaasn Crete ida Beil Rae rated - 


_ 


; . = erie 
*hy i wail yaya 1) iu Ad re url Veet ibm ftlueanil 


sig bes rip lbh big sgl ge ae Pa: 


an) arth. Ae 5 Set} bse (oni dcigp Leis od ne fe 


suey: alt? ead ied 15 PAE tall) poz. es: Aseria ose 


oF atpiamnos hoe Begg: Me Viiiget vad saan re 
ath da tw mers Vi et eh mt Hoon lg: sid. errs aa 


baie 


CHAPTER II 
RESEARCH DESIGN 


iNealescanch design followed in this» study 1s of 
a descriptive nature. The objectives of descriptive re- 
search are to "concentrate on those aspects of the situ- 
ation which can be expected to reveal, as precisely as 
possible, the nature and relative size of the opportunities 
Wmenaceionninyolvyed imatne SitGacion,. and the constraints 
on that action imposed both by the situation itself and 
by the resources available to management." (Wasson, 1964, 
p. 130). The expectations of this study are twofold. 
Elis Gethe tes Ulis. Of eine analysis Wild pesUuSecitl) Ou une 
eredit edepartnent management, second, the techniques used 
by the study will be applicable in the management function 
Of PeValMaLing potential credit card Users of the firm. 

Those aspects of the situation which are expected 
to reveal the true identity of the problem are the char- 
acteristics of.therusers, Thersituation itselt ts the 
incidence of poor repayment experience. 

The constraints of the situation are evolved from 
Cheahea lization or aene wack tat tie CeSOUnCes One The a itm 
are not adequate to fully investigate the potential of a 


prospective user. This leads to a further realization 
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9 
that some effective means must be developed to predict the 
repayment experience based on the available information. 
inGthercontextronith isestudy. thevavaitiab] etin- 
formation is restricted to those characteristics of the 
user contained on an application form. A sample of the 


form is contained in Appendix |. 
Quality of Credit 


tritertasforratgood ier poor, creditdriskdare! dif- 
ficult to quantitatively measure. This is mainly because 
aeqrees ofadefiicieéncy in, the repayment ofthe credit’ bal- 
encesaneeco lerated giventdifferentmsituat ions¥concerning 
the user. That is, a person who is one month behind in 
Beoopayinentbs fstnet, mecessSarilyca poor créedithrisk There 
may be many extenuating circumstances that produced this 
condition that are not central in an examination of the 
quahityaoteat hegaccount. 

POrmaheryuUrposedof (Uh ses UUdyVaespeciiT | er condTrt ion 
was established as the criterion for a good or poor ac- 
countes iTheaquality of *thetaccountewas linked directly 
to the payment condition of the account. A poor credit 
risk was assumed to exist when the account balance was 
delinquent from the standpoint of payments by at least 
one imonth:> That is, at the time the sample was taken, 
the account was. in arrears for 6 period of time gréater 
than or equal to one month and less than or equal to 


nine months, The nine month cut-off point is arrived at 
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since UehePinvernal ‘operat ionvet @the tiem dictated’that 

some formal action exterior to the firm itself would be 
applied after this point was reached. This would cause 

the applications to be removed physically from the sampling 
area and as such would not be accounted for in the study. 
The number of these removed accounts was extremely limited 
and would account for a negligible percentage of the 
population, 

Ass a ‘consequence, therefore;'©a ’good credit ‘risk 
would be defined as an account where the present balance 
hs ZerOeeparanup to date, or deferred, due to some prior 
arrangement with the credit department. The deferred 
rating has nothing to do with potential default of the 
account» -but Srather wrth *therract that merchandise may 
not have been received by the customer as yet, and as a 
consequence he will not have made any payments on the out- 
Standing balance. 

As was mentioned, the actual design of the re- 
search to be undertaken involved the use of a formal and 
informal analysis of the data. The formal methodologies 
used are discussed below and are limited to the use of 
two quantitative techniques that analyze the inter- 
relationship between variables in an attempt to predict 


a single nominated variable. 


Factors Used in Analysis 


Ehewcredit caravapplication form contains a 
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multitude of variables, most of which would provide some 
Glue; to cthe dre lative rabiili ty ofiathemotential iuser toxbe 
SICOGTO mPpoomt eri sk. ehhiér enisvanninherent adiifisheul ty, 
however, in attempting to apply some form of quanti- 
bal VefanaliySis to itis data gy ¢abhose characteristics ytbhat 
are of a non-scaler nature (that is, there is no se- 
quential ranking of the characteristic) are not easily 
beduced sf rom iqua; lH.tat veuvo <quantitative form. mroORsthKs 
beasOnmt hey i wene exempted irom; the anadhysis jin wthesinttial 
seages), ,sfhéesescharacteristics include: 
[Sa oex 
Marital status. 


Lype fof eees idence arrangement. 


Zz 
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4. Occupational Group. 

6 The existence of a bank account. 

6. Other income. 

i Other Currént liabibhities. 

These qualitative variables are not excluded, however, 

but are subjected to another form of analysis which at- 

temots to isolate observed differences between groups. 
These characteristics which cake fine) udediaiin pthe 


main body of the analysis include: 


Sa) af art nygts ikze, 


Fare Rae. 

32 jthendeh efpaesiidence. 
4h. Length of employment. 
5. Monthly income. 
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These five variables are clasiiéally adhered to as the 
Stability and capacity of an individual to fulfill his 
obligation under a credit agreement. The argument is 
that an older person who has been at his present address 
and job longer will be more stable. And naturally, the 
more money he makes at his job, the better able he is to 
repay his debt obligation. The acceptance of these argu- 
ments is obviously widespread since they, the variables, 
Show up only in slightly different form in many credit- 


extending situations. 
Methodology 


sample Size Consideration 

In the analysis to be performed, two populations 
will bevderined from one universe. 
Poctlem Omak. -Goodveredit, risks 7-4 these are the bulk.of 
the accounts resident in the credit department. The only 
criterion employed is that there are no outstanding pay- 
ments on the account when the sample is drawn. 
Populations oPOch credit hisKksur= these vaccounts arecin 
the minority, the criterion being some form of delinquent 
behaviour with respect to repayment. 

This is not the best type of criterion that can 
be made for establishing the two populations, since it 
is a point in time comparison. Obviously the best type 


of distinction would be the examination of the complete 
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history for the account, incorporating all deviations 
from the time the account was opened. This consideration 
is examined in the following chapter. The sample sizes 
themselves will be calculated using a standard formula. 


One sample will be taken from each population. 
Sample Drawing Technique 


Once thessample sizes are calculated, it will be 
necessary to devise some form of selection technique 


for the drawing of sample units. 


Population 1. 

The account application forms for the good risk 
accounts are arranged on what are called rotary diebolds. 
Paechis instance there were two of them. fhe accounts 
were arranged on these rotaries by account number. Each 
rotary has three levels, and each level contains two 
hundred sections. Within each section will be a grouping 
of accounts filed numerically by account number, 

To draw randomly from this arrangement a random 
number table will be used. Four factors are contained 
in this selection process. Firstly, a random number wil] 
be used to determine which rotary is to be used; If the 
number is even (zero is considered to be even), that is 
divisrbtenby two, athengthe ti rst trotary will be used; 
if the number is odd, then the second rotary will be 
used. Secondly, the level on the rotary has to be con- 


sidered; if the number to be used is one, four, or 
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14 
Sevenyy level. one is-aised; if gche number jis, two, Ta Veo Or 
eight then the second level is used; if the number js 
three, six, or nine, then level three is used. If the 
number is zero, it will be disregarded and a new number 
used. Thirdly, the grouping within the level will have 
to be chosen; if the number is even then the groupings 
Thome One to, 100 wil) be considered: if the number is odd 
tmenethescrouping.. from 10); t0.200 is used. ‘Fourthly, 
the unit within the grouping will be drawn, using a 
random number, 


For example, the random number 8 - 3 - 79 - 24; 


Number lnspection Go to 
step | Day (SiUbe a Dye Rotary | 
8 
Step 2 Belongs to 3, 6, 9 Level 3 
3 
step 3 Seven is odd Sec) Onml jo 
18s, 
Step 4 Know total in grouping 24th application 
24 form 


Population 2. 


The drawing of these applications will be much 
easier since the arrangement of the forms is by col- 
lection correspondent. Each girl has a desk and file of 
delinquent accounts. It will, therefore, Only Desiec= 


essary to randomly select a desk and a position within a 
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15 
Single grouping. These groupings are contained in a file 
called the "bad box, 

Each desk will be assigned a number in numerical 
sequence such that in drawing a random number a desk is 
chosen. 

The sampling will continue for each population 
uncMlnehel desi ned inumbertof iunitspuasicalculatedimnabhe 


toltowingssecttohy-is fulfitted. 
Sampire oize Calculation 


The sample size.necessary for both thevgood risk and 
the bad risk populations is determined by three parameters: 
(1) the proportion of good accounts in the total population, 
(2) the range of error acceptable from using the determined 
sample size, and (3) the confidence limits associated with 
the representatives of sample. 

The total population of all accounts was approxi- 
mately 60,000. The total number of accounts that were 
in some form of default was calculated by the department 
to be somewhere between fifteen and twenty per cent. This 
figure was arrived at by an examination of the dollars 
outstanding on accounts and noting: the total of the de= 
linquent dollars. The actual number of accounts, calcu- 
lated by taking a census of the application forms segre- 
gated by the department as being delinquent, proved 
to be sizably different and numbered approximately 


1,000. This large discrepancy could not be wholly 
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accounted for by the department other than by the ex- 
planation that the outstanding balances, in dollar terms, 
of the delinquent accounts, was of such a magnitude that 
it constituted a figure of 17 per cent. The assumption 
was made, therefore, that the census of the delinquent 
accounts provided an accurate picture of the number of 
accounts that would constitute Population 2 -- the poor 
Chedtt risk /grouDps 

A standard formula for the calculation of sample 


size was used (Freund and William). 


2 
n = p(I-p) anal (2.1) 


where: nm is the sample size,to be calculated, 


bp, isthe estimated proportion of goedscredit risk 
in the population, 


E is the tolerated range: of error 


Usiag 2.13 : 
n = wok. 20 eda 
(.045) 
(pla paras ee 


The sauplessize or *299 consti tutes des) medaleves 
of confidence equal to 95% and a tolerable range of error 
equal to 4.5%. Two hundred and ninety-nine, therefore, 
was used as the sample size for the good credit risk 


accounts that were to be drawn. 


The actual values chosen for p and E are incumbent 
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upon the analyst. In this case a tolerable range of error 
(E) determined by management of the firm in question, was 
five per cent. To provide for contingencies the analyst 
enose a level, of four and one-half per cent... This lesser 
range of error decreases the riskiness of the sampling. 
by increasing the sample size. 

ine value of p,.the estimated proportion of good 
accounts In ays population, was assumed to be 80 per cent. 
Again, this figure allows for some risk factor since the 
actual was estimated above this figure. The use of a 
smaller proportion in each case raises the sample size. — 

Phe samp bens ze fom tae poor credit Ppisk population 
was derived by applying the same formula with the ad- - 
BieGLOonwo mW cune Ti niskevecOLGect On factOnn (Ni Se coOmmecul on 
factor allows the same precision to be applied to a smaller 
sample size, when it is drawn from a significantly smaller 
population. 

Khe Sanpleisize Tor the poor chedht iskegroup 
equals. 216, Using this figure: ltsis possible to tect 
that. the same range, of error.is used, assuming a popu- 


lation size of 1,000. 


( Bye (on2) le 2 ee 216 (2.2) 
(E98 216 1000) atc) 

Souving for bE: 
Eas FiS57. 


This is consistent with the -range of errorthati'is tol=- 


erated with a sample size of 299 in the first group. 
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Methodology of Analysis 


Step-wise Regression Analysis 

This technique takes a dependent variable (in 
this case the months due on the account payments) and one 
or more independent variables (the user characteristics) 
and on the basis of the degree of linear association be- 
tween the variables, attempts to predict the dependent 
variable with the independent variables. With respect 


to the study, the resultant function produced by the re- 


gression will be used to predict the actual value of the 
account, balance, “In this manner the degree of delliinquency 
Wail De explicitly stated "in terms Of Ene number on pay- 


ments that are past due, 

The methodology of step-wise regression is a 
stop-and-search type of operation. Before an actual re- 
gression equation is produced, the computer programme 
chosen to perform this task provides a series of tables 
which present the analyst with information that will be 
used in the regression. The CS1I0O1 Stepwise Multiple 
Regression Program (Grobben, 1970) produces the following 
tables: | 

ih isting of data, actia lavalies co be used, 

2. Mean, variance and standard deviation for 

each variable to be used in the regression. 


Bee Simple Corre lallomenadiiinc. 
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Once this stage is reached the calculation of a 
regression equation will begin by using only one variable, 
the one with the highest simple correlation coefficient 
with the dependent variable. The criterion for entry of 
Variables into regression is its relative ability to 
explain the amount of variance between itself and the 
dependent variable. The actual entering of variables can 
be constrained by the analyst simply by inserting criteria 
Weaothes.. (ne type Used by “tiiis programme is called a 
Geguantial fF. test * > Whattnis “Indicates ‘Hs that before: a 
Veltable,can be entered It -must pass a test’ of? significance 
based on the F. statistics. The variable with the highest 
F. value will automatically be chosen as the next variable 
to enter. This process continues until all variables are 
entered, subject to the constraints set by the analyst. 
Miateicewavagiaokes mayape deleted or motsincluded ite cney 
ane not sigqniticantson thelh. stest. 

Onee! the first. var fap te ts sentercd. tne programme 
calculates ‘an equation which has the faci hity to predict 
the dependent variable based on a constant term and a 
Coeffrcrent for the variables entered: —"Orten tits! Pilest 
variable is entered and the terms calculated, the pro- 
gramme then goes ahead and selects another variable to 
enter subject to the abovementioned constraints. 

When the regression is terminated, that is, all 
the variables that are desired are entered, then the 


programme produces a summary table displaying the fol- 
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20 
lowing complete listing of vatues; 

I, The observed values of the dependent variables. 

2, The predicted values of the dependent variables. 

se eene: esi duals ethesobservedsdittercnce sabes 
tween the actual and predicted values of the 
dependent variable. 

4. The confidence limits for the predicted 
individual observed values of the dependent 
variable, 

The actual mathematical workings of step-wise re- 
gression will not be described here since they are compli- 
cated and require an abundant knowledge of statistics. 

The general form of the regression equation is: 

Weep eO.teBi xy Sebok phy ceed EDAD tae 

Where: 


Y is the predicted dependent variable (number of 
payments due). 


BOIS ay constant, Lndigal ing, che v snuencep ct: 
Bigboess. En ae the medressloneccetn tc lenes. 


X1,%9 ... Xn are the independent variables (the 
Usehachawactemot! cs je 


ents ea randomly sdistribuvedeerronre 

To obtain these factors it is necessary to cal- 
culate the simple correlation coefficients between the 
variables, the multiple correlation coefficients and the 
partial correlation coefficients, Using Tull and Green 
as a source, the following description of the coefficients 
is provided (Tull and Green, 1966," pe. 321 )% 

Simple Correlation Coefficient -- a measure of 


the degree of linear association between two variables. 
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21 
For example monthly income and the number of payments past 
eMeronwa Ccredre card -account. 

Partial Correlation Coefficient -- a measure of 
the degree of linear association between the dependent 
and one of the independent variables in a multivariate 
analysis when the effects of the other Varfables "in the 
analysis are held constant. For example, if the number 
of payments past due is the dependent variable and income 
and family size are independent variables, a partial cor- 
ferottoOn coetfrcrent could be determined tor "the linear 
association between number of payments past due and in- 
come with the effects of family size being held constant. 

Pie he "Cn rel atl One COchmtClem. = "qumeas (melo G 
the linear association between the dependent variable and 
two or more ‘indépendent variables. For’ example, “a 
mulchp re =correlatron coetficient «could be deternined for 
the number of payments past due as the dependent variable 


and income, family size, age as the independent variables. 


The process, Of step-wise reqression: allows the 
analyzer to look at what is happening at every level of 
the regression and to test the significance derived from 
including each additional variable in the analysis. This 
is a valuable aid since it provides an examination of 
several statistics that are being produced at every stage. 


% 


The first value that will be looked at to examine 


the precision of the regression is Ron Ri [seine Sauare 
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of the multiple correlation coefficient and may also be 
peterhed.to. as the "coefficient of multiple determination." 
(Dinaper and Sinise 1968. 00.1462)). A The: Largerathe:valuchot 
R2 approaching unity the better the fitted equation ex- 
plains the variation in the data. 


There is a problem in using R2 


asSvarmneasuresohethe 
Msequlpesseofethe equation. This problem, is centered in 
that Be can be ferced to unity -by the fact that we have 
reached a saturation point with respect to the number of 
observations versus the number of parameters. 
Another statistic that is produced at each step 
Of the regression is. the value oof s, which is the standard 
SEroraor ne estimate, sine tdesited Pesult or anyuad= 
Srelonalavaviaples that sane entered in to therpegyession 
rs that. eheyuwidd. cveduce st neys tandandierrorn.oimt hesesti 
mate, therefore, the smaller the value of s the more 
useful is the regression equation. The problem with this 
measure of the goodness of the regression equation is that 
it also may be "manipulated" in that by including enough 
parameters the value of s can be driven down to zero. 
Given these restmictionsatheytechniquestises fill 
a valuable type of analysis to perform since it not only 
estimates what characteristics are important but also 
to what degree they are important in predicting the 
condition of an account. The regression equation that is 
used will take the individual users characteristics and 


based on the experience that was used in the derivation 
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of the equation, predict what~the condition of the account 
Withebelat-cacgiven point /of«time. 

fesistnecessaryatooneterthateune relationship that 
exists between the dependent variable (months due on the 
accounts) and the independent variables (the users! char- 
Sctenhotics)e-s thisarelationship isthottinéeessariadynone iof 
cause and effect. The analysis of the variables gives only 
aetelatronship based on observable cases, such that to 
imply causation on the part of the independent variables is 
a discretionary move and involves risk. The evaluator of 
the results may draw an implication from the analysis but 


he may not infer causation. 
Two Group Discriminant hina bysisi 


Two group discriminant analysis is a method where- 
by it is possible to discriminate between two populations 
Oleeie Desis/on Enel characteristics, jin tie tcasc.o7 
this study the two groups will be the good and the bad 
Credit risks, and the characteristics are the reported 
information on the application forms. In this analysis 
the characteristics of the groups will be produced in the 
form of a discriminant function. The group that the indi- 
vidual ts in will be determined by the’ scoge ihat. he ne~ 
ceives based on the function. The actual programme used 
to generate this function was the BMDO4M Two Group 
Discriminant Analysis Computer Program (Dixon, 1965, pp. 


185-203). 
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Assumptions of the Technique: 

(1) The observations are grouped, each obser- 
vation in each group involves at least two variables. 

(2) The populations from which the samples are 
obtained, are multivariate normal with different mean 
wectors, and all populations have identical covariance 
matrices, 

(3) Each population distribution is determined by 
the same variables, 

(4) The variables are independently distributed. 


(5) The populations are exclusive and exhaustive. 


Theory for Discrimination Between Two Groups: 

According to the assumptions, group differences 
consist of differences in the group means of the two 
popuilations!.) yMul tiple vdis crim nanto anal ys is? usiese one 
variable, the discriminant score which reflects the in- 
fluence of all the variables in each group simultaneously 
in such a way that the groups are separated in a manner 
which maximizes the probability of correct classification, 
This is achieved by a linear discriminant function which 
expresses the discriminant score as a linear combination 
of all variables analyzed. 

Lie yxy) Hh Byk, GORE 122 + ADXp 


% = discriminant score, obtained for each obser- 
vation. 


a = vector of coefficients, which are unknown and 
have to be determined. 
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vector of variables. 


The coefficient vector has to be determined in 
such a way that the variance between populations relative 
to the variance within populations is maximized (Burger, 
1970, pp. 75-84): 

Taere are. two statistics produced: 

An F statistic considering the appropriate degrees 
Orerccecon, In oOtrder to find that linear combination oF 
variables that discriminates best between groups. 

A p? Statistic, which is an expression for the 
ecncrelized distance between groups, sfor a full dis- 


2 see Rao (Rao. 31963). 


euss ion of D | 

If the actual F value is greater than the table 
F for a certain significance level (say five per cent) 
there exists a difference between the group means, as we 
are implicitly rejecting a null-hypothesis of equality 
of group means. 

Using for example, the sample of credit card 
applications these will be classified into two groups, 
either good or poor, based upon the criterion of payment 
history at a point in time. Each application will be 
characterized by his scores for the five application 
criteria measures. Given an application with its five 
scores, the statistical problem will be to determine from 
which group he came, and hence to which group a potential 


user would belong. Based upon the scores, if discriminant 
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26 
analysis indicates the application has a consistently 
higher probability of statistically belonging to the 
group in which they are classified by account history, 
Support is ce to theipropos! tion thatthe eri terion of 
a good or poor risk is related to the five application 
variables. 
line “cri teijieasiometive correctness “or ialass if ication 
follows Massy (Massy, 1965, p. 40). Given a two 
BL Oupesi LUat hon. as. depictedpin Figure | -- 1using (two 
variables: 
DISCRIMINATION OF TWO HYPOTHETICAL 
POPULATIONS ON TWO VARIABLES 


Variable Y 
break-point 
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Depicted graphically, the probability that an observation 


wide alls ine Populatd on 


PROBABILITY THAT AN OBSERVATION 
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#Z Values 


Pique 2 


mhe critical waltiet foruzy, ora the Dreake point ts, as 
farcascemisclassificationeiseconcerned, “half-way between 
the means of 2 Tor A and Byeso) that at tits. potncean ob- 
servation has about an equal probability of falling into 
Mone Rita Massy, 1905.) p. 40). 

The advantage of this type of analysis is that it 


produces an easily understood result, a dichotomous 
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Situation where a potential credit user is declared either 
a good risk or a poor risk depending on the value of his 
Heciimlnait score. jlile typeof format= racilitates: its 
use in commercial concerns where the interpretation of 
Fesults of a=particular®typevof analysis@='s sometimes 
secondary to the result itself. 

The one thing that has to be taken into account 
when using this technique is the situation where the re- 
sults may be of statistical significance, but produce a 
poor discrimination between the two groups. If this situ- 
Scion does arise then the procedure has-invalidated itself 
within the context of the variables that have been used 
to produce the discriminant scores. 

The basis, for using these two techniques ot analysis 
ieuencepredict ron possibi litiesvor there eval Mal ionss. 241i 
one case, the regression analysis, the prediction is of 
an actual value, the number of monthly payments past due 
on the account, while discrimination involves the pre- 
diction of group membership. 

Chapters 111 and 1V; ‘following, present the 
results and analysis of the study, using the methodol- 


ogies described in this chapter. 
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CHAPTER {11 
RESULTS AND ANALYSIS OF REGRESSION 


The format for an examination of the regression 
analysis follows a two stage approach. Stage one is the 
Fegression of the two groups, good and poor credit risks, 
run simultaneously. Stage two deals with the poor group 
independently. The attempt of the regression analysis is 
to predict a dependent variable, from a set of independent 
Vatioples, in this case, the conditton of an account bal- 
ance, from the credit card users' characteristics. 

When the two regressions are run separately there 
fsean anticipatedsresult. <Phis- result would be, that the 
coerricients of the two regresstons*generated would bear 
some; simitarity. This similarity would» take the form of 
indicating that the same variables would be significant 
in both types of regression, both indicating that the in- 
crease in the value of the dependent variable would be ac- 
companied by an increase or decrease in the value of the 
independent variables. While the actual coefficients of 
the regression equations would be different, the relative 
significance should remain the same, 

In the following sections the two regression 
equations will be treated separately in table form. The 
tables will indicate the values of R2, the square of the 
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30 
multiple correlation coefficient, s, the standard error 
of the estimate, and the actual regression equation co- 
efficients. Also presented will be the values of the cor- 
relation coefficients, which indicate the interrelation- 
ships existing between the independent variables and the 
dependent variable, 

Prior to the running of the five quantified inde- 
pendent variables, (family size, age, length of residence, 
length of employment, and monthly income) ,an attempt was 
made to run a total regression using all twelve independent 
variables. This attempt made use of a technique for in- 
serting dummy variables into the regression analysis. 
Dummy variables are simply numerical coefficients used to 
represent the qualitative nature.of a factor, quanti- 
Pativepy.: Titis technique is based on) akbinary format for 
mene Variables; that 1s, each possibility of ocecurence: for 
each independent variable is paired. This produces a 
large number of transformed variables in the place of the 
original twelve. The possible number of sub-groupings for 
éach qualitative variable is presented in Tabte 1. To 
calculate the number of transformed variables requires the 
simple multiplication of the sub-groups together. The 
total number of binary combinations possible for these 
factors is 1,188. In other words, the number of variables 
that would have to be accounted for in an analysis would 
be 1,188. If the remaining five variables were then 


entered into the same analysis as they would have to be, 
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then the possible number of combinations becomes astro- 
nomical, well beyond the comprehension level, as well as 


the computational. 
TABLE [* 


Number of Sub-groups Within 


Eacn Gharacteristic 


Characteristic Sub- groups 
Sex Z 
Marital Status 3 
Residence Arrangement 3 


Occupational Group | 1] 


Bank Account 2 
Other Income 2 
Other Liabi litres 2 


*A breakdown of each sub-group and an explanation of dummy 
variables is contained in Appendix II. 

In an attempt to overcome this situation a sub- 
jective rating was applied to each sub-group characteristic. 
The analysis was then run with these ratings in. A sample 
Pein-oqutaotethisarun bs included in Appendix Ill. ‘This 
action, however, presupposes some knowledge of the rel- 
abive creditabi lity of the charactemisticsewhtch rs 
really the intent of the study. For this reason) the at- 
tempt to include these variables in the main body of the 


analysis was deferred to a later stage and the regression 
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analysis dropped, 

Early (Early, 1966) has grappled with this problem 
OF Using “structural credit data!” for the purpose of ex- 
amining relationships between characteristics and baeniee 
of repayment experience. He notes that two basic prob- 
lems appear. First, one problem already discussed, was 
Enoatsonlehe non-scaler pature of characteristics, stich as 
occupation. Second, "relevant variables are sometimes 
both numerous and heterogeneous" (Early, 1966, p. 205). 
nai is, tt is <ditfictite Sto be ahl-inclus ive and deal 
with factors of a dissimilar nature all at the same time. 
The effects of this problem are: limited in this study by 
the fact that the variables that. are deemed relevant 
eppcanmmoas ene: app lication, TOLm, SinGey und s ais) -ther ony 
instrument that we have to deal with that appears consist- 
ently. The-use of credit bureau data was also considered 
but rejected, since not all the accounts in the sample had 
been=subjected to this fornm.of Gerut inizetion eat TLaemlime 
of “app lication. 

The analysis was then resumed using only the five 


remaining independent variables. 


Regression Examining All Groups 


The correlation matrix indicated in Table ll, 
provides an early insight into the value of the regression 
type of analysis for this study. The most significant 


values to be noted are those coefficients which relate 
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34 
to the correlation between the dependent variable, number 
One and the independent variables, numbers two through 
six. In each case the values are very small, indicating 
little or no correlation between the dependent variable, 
the number of payments past due and the independent vari- 
aples sotne pusers' + characteristics. 

Taken individually the values represent the fol- 
lowing relationships: as the number of payments due in- 
crease, so does the family size, and the monthly earnings; 
as the number of payments decreases, so does the age, 
years resident, and years employed. Generally then, the 
good risk accounts would tend to be associated with those 
Gharactertsitics that aresof a stability nature, length of 
residence and employment, and with relatively increasing 
age. The contrary effect of family size ts Hot unex= 
pected since the capacity to repay may be somewhat im- 
paired by the magnitude of the dependents. The earnings 
effect is somewhat surprising since capacity to repay is 
frequently directly related to the dollar amount of 
earnings. An explanation for this is felated to™ the, actual 
magnitude of the coefficients themselves. What is really 
being demonstrated by these coefficients is that there 
is no significant correlation between the number of 


payments past due and the credit card users* “character 
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This lack of significance is carried over into the 
actual regression equation. Table II! presents the 
values for Rt and s. RZ, which indicates the amount of 
variation being explained by the independent variables, is 
extremely low at both the initial and terminal stage of the 
step-wise regression. The first variable being entered, 
yearscemployed, explains only 1.2 pérecentcofrthel total 
Variation while *ak-the final step, with all the variables 
in the regression, only 1.7 per cent is being explained. 

The value of s, the standard error of the estimated 
value of the number of payments past due, is extremely 
high. This indicates that the precision with which the 
equation is making predictions is very poor. At the initial 
Seagelet senecynegues ston;  thesstandandmerrnontwasm2. 185, 
while at the terminal step the value was 2.139. The actual 
prediction of the number of payments past due was worse 
aetthe final skep«thantitiwas ,atiahéeshinst, 

This standard error is an average indicator of how 
incorrect the predicted value of the dependent variable 
was Bogen to the actual value. When relating this back 
fo the actual. case of taking @ potenuial credit scacd 
user's characteristics and applying the regression equation 
generated, the value of s indicates that the predicted 
state of the account balance would vary by this aoe 
on the average. 

R2 and s both represent measures of the accuracy 


of the equation generated by using the existing account 
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information. In this case the value of the regression 
type of analysis is severely limited by the magnitude of 
both statistics. The only conclusion to be drawn from 
this examination of the results is that the regression 
analysis is wholly inadequate for the purpose of deline- 
ating an adequate predictor of the condition of account 


balances fom the credit; card users! characteristics. 
RegressiOnsExXamining Poor Risk» Group 


An examination of the poor group alone produced 
almost identical results as that with both groups included. 
The correlations in Table IV are not identical with those 
in Table [\|, but the relative insignificance of the values 
Sa elne assessing mthe posiLionror an accounG, suhe in 
cerpmetatien ef the relative value tot these Tiguressis 
severely limited. The same conclusion holds true for the 
Values (OT R? and san Gaple Vel iiimilapsesVe a veryasmalt 
Value Tor ee and adarge! Value or s is consistentewren 


the findings in the previous regression. 
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The fact that the relative positions of the inde- 
pendent variables switched when the second regression was 
attempted has no bearing. The impact that might have been 
Penehaced nad this occiirred wit Greater Dleeis100 @ iune 
regression equation is lost due to the total insufficiency 
of the technique to provide a viable prediction model. 

An overall evaluation of the step-wise regression 
analysis is presented along with comments on the dis- 


eyicireant model in Chapter V. 


CHAPTER IV 


RESULTS AND ANALYSIS OF DISCRIMINANT 
AND CHI-SQUARE EVALUATION 


Two Group Discriminant Analysis 


Once the regression analysis technique failed to 
provide significant results, it was necessary to adopt 
a different approach to the problem. Regression analysis 
dealt with attempting to predict a specific disposition of 
an account balance, indicating the number of payments that 
were past due. Consideration was then given to providing 
a moresgeneralized prediction. Iknstead-of attenpring 
to find exact values of the payments due, attempt to pre- 
dict the riskagnrolpsthatyapotengials user would”fald. into, 
Given unerset of characteristics found on the application 
Tort .r.his. ts the rationale wehind etwo- group disoniminant 
analysis. The model predicts memberships from a given 
set of independent variables. Relative ranking within this 
group is based on the magnitude of the independent vari- 
ables that are used in the calculation of the discriminant 
score. The dependent variable is of no significance in 
Lhe actual calculation and represents only Che pre- 
analysis parameter for actual group membership. 

Actual group membership was decided on the basis 
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of the previously used criterion, good risk group -- no 
payments due, poor risk group -- payments due. 

For discriminant analysis to work, there must be 
a quantifiable difference in the values of the independent 
variables' means, for the two groups. Table VI indicates 
that this premise is not violated, since the mean values 
Or peaci Variable tn the: two groups vs, ditférent. [ihe 
actual difference in the mean values is quite small in- 
dicating a relative lack of heterogenecy between the two 
groups. Vhisi fact “ss sigqnificant since discriminatton 
works on the basis of the magnitude of the difference be- 
tween the two groups, if the difference Is small then the 


arscrimimating abidityvot- the: modelswill be impaired: 
TABLE VI 
DISCRIMINANT ANALYSIS 


VARIABLE MEANS BY GROUP AND 
DIFFERENCE IN MEANS 


Variable Good Risk? *Poor Risk) Di ttierence 
Mean Mean 

Family Size 37 O70 3.24074 - 0.03004 

Age 33.88962 32.54166 1.34796 

Length of Residence he i6227 2.92775 1.23442 

Length of Employment 5.24680 3.64858 1.54821 


Earnings per Month hS4.55518 481.64331 -27.08813 
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43 
An examination of the discrimination matrix, 

(Table, Vil), relates+ the ability of the analysis to dis- 
criminate between two groups on the basis of their in- 
dependent variables. The good credit risk group was pre- 
dicted correctly 55% of the time, while the poor credit 
risk group was predicted correctly 71% of the time. The 
equation used to produce the discriminant score is pre- 


sented in Figures. 


DISCRIMINANT ANALYSIS 
BUNCT HON COEFFICIENTS 


2 - 00002) 5) 0 0X5. + .00002X 3 + .00008X), + 0.0Xc 
Where: 
X] is Family Size 
X9 is Age 


X3 is Length of Residence 

Xk is Length of Employment 

Xs is Earnings per Month 
Good Risk 


Sample Size 299 
Z Mean Value - .000025, Standard Deviation .000064 


Poor Risk 
Sample Size 216 
Z Mean Value - .000046, Standard Deviation .000064 


Figune 3 
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The coefficient values of the discriminant equation 
are important in that they indicate the relative value of 
the variables in the producing of the discriminant scores. 
[In two cases, age and earnings per month, the variables 
were considered to be of no significance. This result fs 
somewhat surprising since the regression analysis indi- 
cated that age, for instance, was not important. Length 
of employment is considered as the most important of the 
Toilablcsoin discerning good credit niskepossibi | ities: 
mommy, Ste is) considered as the major factor jinsinducing 
poor credit risk group membership. 

inere is a major Tlaw in this discrimimant model 
which tends to negate the viability of the results. While 
the model was able to discriminate successfully 72% of the 
pool creditarisks, the overall statistical @ signi micance 
Gest cor tne prediction was nol si gnificanG.s \iMise test 
involves the use of NSE tested using chi-square table of 
Values. What this Jack of significance indicates ‘is that 
the results produced may be wholly attributable to chance, 
rather than the relationship between the mean values 
of the variables. 

The predictive ability of this technique must 
therefore be discounted as was that of the regression 
analysis. In both cases the credit card users’ character- 
istics have proven themselves to be inadequate to produce 


a model with practical applications to the problem that 


is being faced. 
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Chi-Square Contingency Table Analysis 


Chi-square contingency table analysis is a tech- 
nique whereby two or more attributes or characteristics 
are used to classify data. The purpose of this type of 
analysis is to test the significance of the observed re- 
lationships between the characteristics in such a way as 
to determine whether the relationships are significant or 
mive=Eo~chance.- The significance testing. takesa the form 
of comparing a computed value of chi-square with a table 
of chi-square values at an appropriate number of degrees 
of freedom. The calculated value of chi-square is derived 
by computing an estimated value in a classification matrix 
and comparing it arithmetically with the actual value. 

The actual calculation involves dividing the observed 
difference between the actual and predicted matrix cell 
value by the predicted value, this dividend is then squared 
and the squares summed, This value is the computed value 
of chi-square, and compared with a table value of chi- 
Square. 

The existence of a larger computed value than the 
table Value indicates. that the Gbservedsairrercnce to si1g- 
nificant and is not entirely due to chance, at a given 
level of confidence. 

This type of testing was applied to the seven 
unquantified variable characteristics on the application 


form: sex, marital status, type of residence, occupation, 
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and the existence of: a bank account, other income and 


other current liabilities. 


is presented in Table Vit! 


calculations are included in Appendix IV. 
Pe Bera Tle) 


SUMMARY OF CHI-SQUARE ANALYSIS 


Variable : Chi-Square 
Moamacteristic Vane on oe 
Sex 2.54 
Manrvcalt Status cat: 
Type of Residence 30.88 
Occupation SONSa9 
Bank Account 3.24 
Other Income 2.44 
Other Liabilities 0709 


*Degrees of Freedom 


d.f* 


l 
2 
2 
10 


The *results’ or this analysis 


The complete chi-square 


Significant at 
0.100 


0.010 


The value of chi-square analysis becomes readily 


apparent when the significance 


levels are examined. Two 


characteristics, type of residence arrangement and occu- 


pation are significant at the .005 level. 


This’ 7s the 


same as saying that 99.5% of the time, the observed dif- 


ference between what would be predicted and what actu- 


ally occurred, was due to the variation in the data and 


not chance, 
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To state it again a different way, there is a 
Significant difference between good and poor credit risk 
groups based on what was observed, as opposed to what 
would be anticipated, if the two groups were homogeneous 
in nature, This same conclusion holds true for the re- 
maining characteristics with lesser degrees of assurance, 
based on the confidence limits imposed. These findings 
lend credulence to the use of the application form as a 
device for discriminating between poor and good credit 
risk. 

The only problem associated with type of analysis 
is that it gives no indication of how to predict the rel- 
ative creditability of the potential credit card user. 
The technique establishes only the fact that based on the 
characteristics sthene tis’ antiobsienved, tstagksiti canily esiig- 
nificant difference. To extrapolate beyond this point 
would be hazardous in the extreme. 

The analysis does indicate what characteristics 
are relatively more important than others, occupation 
for instance, but to what degree is still in doubt. These 
drawbacks, while of some consequence, do not negate the 
value of chi-square contingency table analysis as a valid 


approach to examining the unquantifiable characteristics. 
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CHAPTER V 
CONCLUSIONS AND IMPLICATIONS 
The Analysis Done 


In drawing conclusions with respect to the relative 
merits of the analysis done, it is necessary not to lose 
Sagniivohethe intent of ithe study, At the outset ire- 
strictive limitation was put on the amount and source of 
information that was to be included for analysis. This 
limit was that all data was to be collected from the 
petal l credit. card application. form-of-existing: credit 
card users. This limited extent must be taken into ac- 
count when assessing the evaluation of the analysis and 
related conclusions. 

With reference to the two main techniques applied, 
step-wise regression analysis, and two group discriminant 
analysis, the conclusions are obvious. Neither technique 
proffered a suitable means for predicting the potential 
creditability of a new credit card applicant from the data 
indicated on the form. Both techniques did provide some 
evidence of the relative susceptibility to good or poor 
@neditner tke but he Jaxtty of the tconfidences (uimitesgishat 
had to be imposed to make the results statistically sig- 
nificant were highly restrictive and would prove inoperable 
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50 
in implementation, 

The unacceptability of the techniques is not the 
same as saying the techniques are not adequate. The tech- 
niques themselves may be adequate but the quality of the 
data being analyzed may be suspect. This problem can be 
looked at from the standpoint that the five quantifiable 
variables that were used in the analysis are simply not 
the ones that are indicative of the quality of repayment 
experience being expressed, and that the remaining seven 
variables that were looked at using chi-square analysis 
are the important ones. Some proof of this statement is 
found in the examination of the evaluation done on the 
variables. 

Another problem associated with the type of an- 
alysis undertaken is the actual credit criterion “that was 
employed. The quality of credit was assumed to be dir- 
ectly related to the present condition of the account 
balance. This may not actually be the case, A realization 
of these two problems leads to the drawing of some impli- 
cations that would have to be considered if this type of 
analysis were to be attempted again. 


Effects of Research Design on 
the Results of the Study 


Treating the repayment experience first, some 


thought must be given to defining the quality of credit 
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in a truly representative manner. In this study, quality 
was a point in time inference. That is, if the present 
time period is period tj, and therevare no payments ‘over- 
due on the account, the repayment experience is expressed 
as th = 0. Herein lies the problem; the nature of re- 
Payment experience is not a statistic one, patterns of 
payment behaviour fluctuate over time, 

Ope Oo Sly t3 ag POL te= 0" 
This simplified pattern indicates that the individual 
actually went into a delinquent position in time period 
two, recovered vintimerperiod three; andoretatns “afnon= 
dehinguent positionvin time period n. This type of behaviour 
is not distinguished in the study from that of a user whose 
payment history is without delinquency. 

What would have to be done is to incorporate a 
time and delinquency factor into the repayment experience. 
This factor would relate how long the account had been 
held, how often it had gone into delinquency, and to what 
degree. This type of distinction would allow for a more 
comprehensive quality of credit breakdown, and provide for 
a more realistic distinction to be made between good and 
poor toned he risk. 

The research design put further limitations upon 
the number of characteristics from the application form 
that could be used in the main body of the analysis. This 


limitation took the form of allowing only those character- 
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52 
istics that were quantifiable to be used in both the 
regression and discriminant analyses. The chi-square 
analysis performed on non-quantifiable characteristics 
indicates that their exclusion from the evaluation may 
be one of the reasons why the two techniques failed to 
produce useable results. 

To overcome this problem of excluded variables, 
either some form of quantifying device must be devised, or 
a different type of technique must be used which allows 
for qualitative data. I|t is erroneous to assume that valid 
conclusions can be drawn from examining only half of the 
available information. 

Given that these refinements could be made, then 
the use of regression analysis and discriminant analysis 
wouddtbeljusttfied:: tl nelightfofethetpresént condi tionsof 
the data used the techniques are not operable and repre- 
sent an exercise in futility’since no meaningful level of 


significance can be attained by using them, 


Marketing Implications 


Up to this point an assumption has been made con- 
cerning the relationship of credit card user character- 
istics and repayment experience. This assumption forms 
the basis of the hypothesis in Chapter |; that there was 
a discernible relationship, and that it was quantifiable 
and predictable. If the objections to the type of analysis 


technique are removed, then a conclusion may be drawn with 
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28 
respect to the original hypothesis. This conclusion re- 
lates to the fact that no quantifiable or predictable re- 
lationship does exist between card user characteristics 
and repayment experience. If this conclusion is correct 
then there are some significant marketing implications to 
be derived! from *thi's : 

As has been noted, the extension of credit is a 
marketable service that business in the western societies 
uses aS an inducement to procure a clientele. Those who 
market the service the most effectively are those who are 
able to produce benefits, both for the client and them- 
selves. This optimum is not always reached, as is evi- 
eeheed= by thetfact Ghat delinquencies roecun . | Thevmajor 
resource of the firm for deciding who is a desirable 
elvent:tis'’theceredtt card®applicatvion* forms wl tyeastis 
being Suggested heref*there*is no’ relationship, Ghent there 
should be rorappiTicatfonttormy: ALY that’ shouldvbetre=- 
wanted of the potential user®is*namey address) @andPsg= 
nature on a commitment to debt repayment. While this 
suggestion may seem unrealistic, it is consistent with the 
findings cor tne study: 

There may be some secondary benefits that are 
associated with the abolition of the application form in 
the reduction of the disutility associated with forcing a 
potential user to complete the form, =] ne terocess ioT) ne- 
quiring the application form to be completed may be some 


form of screening device used by the client, not the firm, 
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to assess whether or not credit is desirable with this 
particular establishment. The assumption being that those 
who are best able to get credit, that is, the best of the 
good credit risk group, will gravitate to those firms that 
entail the least complicated mechanism for procurement. 

Ts observation, while somewhat nebulous, is 
meaningful. The services that organizations provide, 
auxilliary to the actual process of marketing commodities, 
is a basic feature that distinguishes firms in a homogenous 
magket. The, provision for credit ona minimal: invasion" 
of the potential user's personal history, becomes an ad- 
vantageous device for attracting customers. In the company 
used as the basis for this study, approximately 50% of 
their business is done on a credit basis. Any mechanism 
that.-chther increases the effiectiveness cof-pche sereening 
of potential, credit,.cagd «users 0m thal rentyceswaddi tional 
good risk users on the basis of the service provided, 
would tend to have a marked effect on the overall profit- 
abishtit y tof, (thea nm. 

These observable values of credit analysis have 
increasingly important implications in the competitive 
market place, both from the point of view of the firm and. 


the prospective credit card user. 


Value of Credit Analysis 


David Durand in his study of credit risks makes 


the following statement: "Owing to the fact that the analy- 
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Bie) 
sis of credit experience is expensive and that the practi- 
cal value of the results appears to be limited, many 
lenders may conclude that analysis is not worthwhile.... 
They may point out, and rightly, that risk selection entails 
a margin of uncertainty that defies solution, and that re- 
gardless of research, no lender can ever expect to perfect 
his selection technique to point of no losses". (Durand, 
1941, p. 99). 

The acceptance of this point of view is incon- 
sistent with the overall objective of any organization -- 
viability. The value of credit analysis is many-faceted 
in that it takes in the consumer as well -as the firm. 
Elements of militant consumerism may force organi zations 
inco taking, some steps: Lo increase Che verhrclency or their 
selection techniques, not only for the purpose of increasing 
proritable-sales, but also’ to meet the requirements of a 
new social responsibility that may be forced upon them. 

In this case the responsibility may fall) upon the tira ror 
those it Bitoned to become delinquent, that is, the re- 
sponsibility of the firm is to better discriminate between 
who acquires credit and who does not, with the consequences 
being that debt is borne by the firm, not the individual. 

The ability to be selectiverin risk=sakinganas 
become an absolute necessity. The flat statement that a 
lender can never expect to be selective to the point of no 
losses may be true, but successive approximations of this 


point can only be achieved by placing greater emphasis 
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on the use of sophisticated techniques. The techniques 
used in this study were themselves inadequate tools, 
pucewere, Testricted jin their analysis.” The imelusion 

Of more Characteristics, and indeed expanding the extent 
Guitare lysis ito; include Tactors stich “as "the Genera I Yrevel 
Of economic activity and other external indicators to the 
firm may provide greater predictive models in evaluating 
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APPENDIX II 
Description of the Use of Dummy Variables 


The use of dummy variables in this study was for 
the purpose of representing non-quantifiable variables, 
The dummy variables used in this regression model were: 

1. Marital status 

Own-Rent-Board 
Occupation 


Sex 


2 
5. 
h 
5. Presence of current liabilities 
6. Presence of other income 

7. Bank account held. 

The use of dummy variables is discussed in Johnson, 
(Johnson, 1963, pp. 221-28) as it applies to regression 
analysis. Green and Tuli’ (Green and? fully 19/0, pp. 321) 
also make use of this dimension of quantifying non-scaler 


variables and provide an example of how its use may be 


applied to the BMDO2R step-wise regression analysis com- 


puter programme. 


Following the example format of Green and Tull the 


category of sex is discussed here: 


Sex _Dummy Variable 
Male 00 
Female 0] 
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6] 
By using this technique it is possible to describe males 
and females independently. According to Johnston this 
technique may also be applied to the dependent variable, 
if this is the case then some higher level of precision may 
be attainable by the use of a dummy variable to represent 
some qualitative level®o@fecredit. In this manner a finer 
distinction could be drawn with respect to risk in con- 


Sumer credit evatuation. 


Description of Occupational Groupings 


Group Description 


| Professional category 


2 Clerical, includes secréetariess typists 
3 Salesperson, Type 1, behind sales counter 
4 Salesperson, Type ||, commercial 


representatives 
5 Other clerical types, agents, messengers 
6 Proprietors 
7 Managers and officials 
8 Skilled wage earners 
9 Semi-skilled and unskilled earners 
0 Service trades, including teachers 


1] Miscellaneous 
Description of Marital Status Groupings 


1 Single 
2 Married 
3 Other 
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Description of Residence Groupings 


| Own 
2 Rent 
3 Board 


The Following Variables are Dichotomous, 


Yes/No Alternative Groupings 


] Bank Account 
2 Other Income 


3 Other Crabi litres 
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APPENDIX IV 


TABLED 1x 


CROSS GLASSTPICATVON OF OCCUPATION, TYPE 
BY RISK GROUP 


Occupation* 5 27Good Poor Total 
| 1] S 14 
2 23 15 38 
3 9 4 ie 
4 7 19 26 
5 2 in 6 
6 26 9 BD 
7 Ly 8 25 
8 94 49 143 
9 66 69 135 
10. 23 26 Re) 
7 21 10 31 
Total 299 216 515 


x? test significant at)5.0005 level 


pee amma anna mana 


*See Appendix II for description of Occupational Groupings 
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TABLE X 


CROSS CLASSIFICATION OF SEX 
BY RISK GROUP 


Risk Group 


ESSE mca Smemmaninses ae ISS S onpn BA te DL 
Male 271 186 hS7 
Female 28 30 58 

Total 299 216 


x* test significant at 0.10 level 


TABLE XI 


CROSS CLASS! F PGATLEON,OF? RESEDENCE 
ARRANGEMENT BY RISK GROUP 


Risk Group 
Res idence Good Poor Total 
Own 14] 54 15 
Rent V2 144 271 
Board 31 18 LQ 
Total 299 ZAG 


x2 test significant at .005 level 


A 


aaa } ' at CVE ee A a eee 
’ ayy 7 
n lat " 
y aagat 
Nae 30 WOITAI REA Seal 
’ AD zr se i Ad a q 
oe ee O ae queda 


1) ne PRE, 2 NE hs eres 
| [ae O° 8) AGS 


Be a oA - sts 


dis Res Iesot. a 
> ~ v } | ss 
lavet 01,0 96) tdag) Viepie Jae3 Sy ae. 


| a4 
4 heen h 


ea a iar sie 


Jawa g tea 90 wihinnp 1328093 tzon9 a 
ayo. agin ra Tins | 


iS 


TABLE XII 


CROSS CLASSIFICATION OF MARITAL STATUS 
BY WR HSK eGROUP 


Deiiaunvalasnase | 4. Good Roamer otaiet © 
Married 2 38 173 Ky] 
Single 56 32 88 
Other : 5 1] 16 

Total 299 2" 515 
x2 teslusiogniticant ac 010 mlevel 


TABLES Xa 


CROSS CLASSIFICATION OF BANK ACCOUNTS 
BY RISK GROUP 


cme ecg Ae CO AGT Ca AS CALL AAD AL I 


Risk Group 


Bank ee Good Poor Total 

Wes : 299 203 Ok 

No 8 13 24 
Total 299 216 515 


x? test significant at .100 level 


a pe eee ee ete a a TS Oe aE ee eee 
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TABLE XIV 


CROSS CLASSIFICATION OF OTHER INCOME 
Dion bok GROUP 


Risk Group 


Other Income Good ROOk Total | 

Yes 8] 72 iS 

No 218 144 362 
Total 299 216 ol, 


x2 test Significant at .200 level 


TABLE XV 


CROSS CLASSIFICATION OF OTHER 
CRAB iE Tes why Ri She GROUr 


Risk Group 
Other Liabilities Good Poor Total 
Yes 268 195 463 
No 3] 24 BZ 
Total 29? 216 515 


x2 test significant at .800 level 


a 


om, f > = 
Ge ah es 
Pace DE. Soares sArMUE vt’. ele Ko , 
6164 ra] © We beige! rs, 
= ang rp mani pom cmc ae onsale nt lies ty meme et er inert 
A uf te F 
f 4 rt 
~ ~~ “* 
F Ay eel - : 40 & 
< yi * ; abel r 
‘ i 7 ny A 


’ iy a : re 
aay | 
, TY rae 
yi the i 
4 1 he 
: ey 
4 - ; 4 aie iW ia f Pir 
vi / 4 i 


ur 


ty 


ss. 


oe 


7 


ye ate " 


“4 
A - 
‘ 7) Ae! 
es J P'S 
i 
‘4 
od 5 'v) e . =~ 
ced) WANE TT i 
yi) \ \y Dal 


ye ; 
< a Bs. 4 


- ¥ oie tb 


ts vate ‘000, 16 73.48 


oh 


‘th ~s a 


vA 


@9 H } j 


hea is 


aN: aa “abe 


—— 


4 ; | m 
hase : 


ar ow 


inghr rate! 


a iY 
ha 


f 
i 


. 
ve 


g > 
@ jet 
1 ‘3 
6 ’ ie 
' ii 
a ‘ 
ori. op a ee 
qj ; ay 
| Pt 
Md iy 7 ; 7 
a ra Fe 
-_ y pry oc es 
! 7 
bee ish it aie 
>.» : hat 
reat 1 2 if rah 
sy y- ay 
A a) 


ri } 4 7 
f im! 
I 
e 
y ny 
’ 
r 
| 
. 
} 
VW 
’ Xia 
ay i j 
f y tah a re) d 
ASP Pace at) ; 
te , 6 


is thie, 
ve "rel 
rite 


wane ss 
‘Ve 
ee Bie 


829973 


